The yellow-pigmented, non-motile, Gram-negative, strictly aerobic, rod-shaped bacterial strain VI.18 T was isolated from the Mediterranean sponge Axinella verrucosa collected off the coast near Sdot Yam, Israel. Results from 16S rRNA gene sequence analysis indicated that the isolate belonged to the family Flammeovirgaceae. The highest nucleotide similarity (91.4 %) occurred with Aureibacter tunicatorum A5Q-118
The predominant cellular fatty acids of strain VI.18
T were iso-C 15 : 0 (56.0 %), iso-C 17 : 1 v9c (22.8 %) and C 16 : 0 (7.4 %) and its major respiratory quinone was MK-7. The DNA G+C content was 47.5 mol%. The strain could readily be distinguished from its phylogenetically closest relatives by phenotypic, physiological and chemotaxonomic properties. On the basis of the data from the present polyphasic study, we propose a novel genus and species within the family Flammeovirgaceae, with the name Fulvitalea axinellae gen. nov., sp. nov. Strain VI.18 T (5ATCC BAA-2395 T 5LMG 26722 T ) is the type strain of Fulvitalea axinellae.
Marine sponges harbour complex bacterial communities (Webster et al., 2010; Schmitt et al., 2012) and the associated bacteria can make up as much as 40 % of the sponge tissue volume (Betrand & Vacelet, 1971) . The vast majority of sponge-associated bacteria are known only from studies using culture-independent approaches (Taylor et al., 2007) . Successful cultivation of sponge-associated bacteria would greatly facilitate studies of the interactions between the host and its associated microbial community (Taylor et al., 2011) . Here, we report the isolation and characterization of a novel member of the family Flammeovirgaceae from the Mediterranean sponge Axinella verrucosa.
The family Flammeovirgaceae consists of chemoheterotrophic bacteria that are mainly cultivated from the marine environment. Delineation of the family is based primarily on phylogenetic analyses of 16S rRNA gene sequences (Yoon et al., 2011) . Ludwig et al. (2010a, b) incorporated two neighbouring phylogenetic groups into this family, but questioned the monophyly of this grouping. In the later formal description of the Flammeovirgaceae, the family was restricted to the lineage consisting of the genera Aureibacter, Flammeovirga, Flexithrix, Limibacter, Perexilibacter, Persicobacter, Rapidithrix and Sediminitomix (Yoon et al., 2011) . The authors also included the genus Thermonema into the family, which was previously classified as representing an independent order incertae sedis as a result of its low 16S rRNA gene similarity and equivocal grouping in phylogenetic analyses to other members of the family Flammeovirgaceae (Ludwig et al., 2010a, b) .
For isolation of bacteria associated with A. verrucosa, samples of the sponge were collected in the East Mediterranean Sea off Sdot Yam, Israel (32 u 29.779 N 34 u 53.239 E), by SCUBA diving at 30 m depth. The samples were washed three times with sterile artificial seawater and a 1 cm 3 cube was crushed in 9 ml sterile artificial seawater with a sterile mortar and pestle. The liquid part was serially diluted (10 0 -10 23 ), plated on various solid media and incubated at room temperature (20-25 u C). Strain VI.18
T was picked after 7 days of incubation from a marine agar 2216 (MA; Becton Dickinson) plate inoculated with 100 ml of the 10 22 dilution. The strain was purified by subcultivation on fresh MA plates until a pure culture was obtained. For stock preservation, the strain was grown in marine broth 2216 (MB) for 2 days at 25 u C. One millilitre of the liquid culture was transferred to a 1.7 ml Eppendorf tube containing 500 ml autoclaved 50 % (v/v) glycerol in distilled water and kept frozen for storage at 280 u C.
Genomic DNA was obtained by transferring part of a single colony grown on MA to 30 ml Tris/EDTA buffer (10 mM Tris/HCl, 1 mM EDTA, pH 8.0) in a 1.5 ml Eppendorf tube and lysing the cells by three cycles of freezing at 280 u C for 1 h followed by heating to 95 u C for 10 min. An aliquot of 1 ml of this mixture was added to a 0.2 ml tube containing 2.5 ml 106 PCR buffer, 2.0 ml of each dNTP at 2.5 mM, 0.25 ml of each primer (63f and 1387r; Marchesi et al., 1998) at 100 mM, 0.2 ml Dream Taq polymerase (Fermentas) at 5 U ml 21 and 19.8 ml moleculargrade water. The PCR protocol consisted of 3 min at 94 u C, 30 cycles of 1 min at 94 u C, 1 min 20 s at 54 u C and 2 min at 72 u C followed by 5 min at 72 u C. The PCR product was purified with a Nucleospin kit (Macherey-Nagel) following the manufacturer's instructions. Both strands were sequenced at the Sequencing Unit of the Inter-Departmental Research Facility Unit of Tel Aviv University using a BigDye Terminator cycle sequencing kit (Applied Biosystems) and an ABI PRISM 3100 Genetic Analyzer. The raw sequence data obtained were visualized and manually edited using the 4Peaks software version 1.7.2 (A. Griekspoor and T. Groothuis, unpublished; available at http://mekentosj. com). The sequences were compared to those of described type strains using the EzTaxon-e server (Kim et al., 2012) . Sequences from 69 type strains of the order Cytophagales and Chlorobium limicola DSM 245
T from the phylum Chlorobi as an outgroup were downloaded from the EMBL database and aligned using Infernal 1.0 (Nawrocki et al., 2009 ) as implemented in the Ribosomal Database Project release 10 (Cole et al., 2009) . The alignment was improved manually and both ends of the alignment were adjusted to conserved positions at the length of the 16S rRNA gene sequence of strain VI.18 T . The resulting alignment containing 1276 positions was used for phylogenetic analyses with maximum-likelihood and neighbour-joining methods. Based on the Akaike information criterion in Modeltest 3.7 (Posada & Crandall, 1998) , as implemented in PAUP*4.0b (Swofford, 2003) , the best nucleotide substitution model for the maximum-likelihood analysis was the general timereversible (GTR) substitution model with a proportion of invariable sites (+I) and a gamma-distributed variation of substitution rates among sites (+G). The maximumlikelihood tree was generated with PhyML 3.0 (Guindon et al., 2010) starting from a neighbour-joining tree and employing NNI and SPR for tree optimization. PhyML 3.0 estimated all model parameters and the robustness of the obtained phylogeny was assessed by 1000 bootstrap replicates. The best neighbour-joining tree was calculated by MEGA5 (Tamura et al., 2011) . Distances between sequences were based on Kimura's two-parameter model of sequence evolution (Kimura, 1980) with pairwise deletion of ambiguous positions and 1000 bootstraps replicates were performed to test for tree robustness.
Aureibacter tunicatorum A5Q-118
T , a member of the Flammeovirgaceae, showed the highest 16S rRNA gene sequence similarity to VI.18 T in the EzTaxon server, with
Flammeovirga kamogawensis YS10 T (AB251933)
Marivirga tractuosa IFO 15989 T (AB078072)
Rapidithrix thailandica TISTR 1750 T (AB265192)
Flexithrix dorotheae IFO 15987 T (AB078077)
Flammeovirga aprica NBRC 15941 T (AB247553)
Fabibacter halotolerans UST030701-097 S2 for exact values). The tree was rooted with Chlorobium limicola DSM 245 T (GenBank accession no. CP001097; not shown) from the phylum Chlorobi, the closest related bacterial phylum to Bacteroidetes. The part of the tree showing the outgroup and further taxa of the Cytophagales is given in Fig. S1 . Bar, 0.02 substitutions per nucleotide position. T and the two Persicobacter species. This grouping was found in both trees and was well supported in the neighbour-joining tree (81.5 % bootstrap support), whereas bootstrap support in the maximumlikelihood tree was lower (54.6 %). Taken together, analysis of the 16S rRNA gene sequence data suggested that VI.18 T represents a new genus within the family Flammeovirgaceae.
Cellular morphology of strain VI.18
T grown on MA was examined by light microscopy (Axioskop; Zeiss). Gram staining was performed with standard staining solutions. In addition, cell lysis with 3 % KOH and the presence of aminopeptidase using L-alanine p-nitroanilide as substrate were examined. Congo red adsorption and the presence of flexirubin-like pigments were determined according to Bernardet et al. (2002) . Motility of MB cultures incubated for 2 days at 25 u C was observed by using wet mounts and by the hanging drop technique. Anaerobic growth on MA was examined following 2 weeks of incubation at 25 u C in a sealed chamber with the GazPak EZ anaerobe container system (Becton Dickinson). The range of tolerance between pH 5 and 10 in increments of 1 pH unit was examined at 25 u C on MA adjusted with 1 M NaOH and HCl solutions. NaCl and sea-salt (Reef Salt; Aqua medic) requirements was tested over the range 0-10 % (w/v) in 1 % increments at 25 u C on saltless MA (l 21 : 5 g peptone, 1 g yeast extract, 18 g agar; pH 7.5) supplemented with NaCl or sea salts. Growth at 4, 10, 15, 20, 25, 30, 35, 37 and 40 u C was determined on MA. All growth assays (pH range, NaCl and sea-salts requirement and temperature) were incubated for 7 days. Growth inhibition by penicillin G, chloramphenicol, streptomycin sulfate, tetracycline, ampicillin, kanamycin A and nalidixic acid and their MICs were determined in MB in 96-well plates over an antibiotic concentration range of 0.2-200 mg ml 21 obtained by using a twofold dilution series and using changes in OD 620 after 24 and 48 h of incubation at 25 u C as a growth indicator following the protocol detailed by Kelman et al. (2001) . The presence of cytochrome oxidase was tested with Bactident oxidase test strips (Merck) following the manufacturer's instructions and using Pseudomonas aeruginosa PAO1 and a strain of Chemotaxonomic characteristics were determined from cultures grown on MA at 25 uC. Cells for genomic DNA G+C content analysis were grown for 20 h before being harvested and cells for quinone, polar lipid and fatty acid analyses were grown for 48 h. Exponentially growing cells were harvested by scraping from the agar surface and frozen at 280 u C until use. Fatty acid methyl esters were prepared according to the instructions of the Microbial Identification System (MIDI, 1999) and analysed by using a Polaris Q GC/MS (Thermo). Identification of fatty acid methyl esters was achieved by comparison with standards and by interpretation of mass spectra aided by the use of the NIST (National Institute of Standards and Technology) Mass Spectral Search Program and Library System. Analysis of polar lipids was performed as described by Romano et al. (2001) . The polar lipids were extracted from 0.6 g freeze-dried bacterial cells with chloroform/ methanol/water (65 : 25 : 4, by vol.) (two extractions with 100 ml). They were analysed by two-dimensional TLC, eluting with chloroform/methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/acetic acid/ methanol/water (80 : 15 : 12 : 4, by vol.) for the second dimension. Plates were stained with a-naphthol, ninhydrin and phosphomolybdic acid. Quinone purification was performed by extracting 1 g freeze-dried bacterial cells twice with hexane. The filtered extracts were combined and concentrated under reduced pressure. The crude extract (4.5 mg) was purified on silica gel (230-400 mesh; Merck) by elution with 98 : 2 (v/v) hexane/ethyl acetate. The UV/ visible-absorbing fractions were pooled, concentrated under reduced pressure and analysed by LC/MS on an ESI-Q-TOF Micromass spectrometer (Waters) on a reversed-phase C-18 column, eluting with methanol at 1.2 ml min
21
. The genomic DNA G+C content was determined as described by Poli et al. (2009) using DNA extracted from a freeze-dried cell pellet.
Morphological, physiological and biochemical characteristics of strain VI.18 T are given in the genus and species descriptions. The main physiological differences from the phylogenetically closest members of the family Flammeovirgaceae are the absence of catalase and the inability to hydrolyse gelatin and to grow at temperatures above 35 u C ( Table 1) . Comparisons of these characteristics with other genera of the family are given in Table S1 . The major respiratory quinone of strain VI.18
T was MK-7. Its DNA G+C content was 47.5 mol%, which is above the range found previously in the family (27-43 mol%; Yoon et al., 2011) . Although the main fatty acid of VI.18 T , iso-C 15 : 0 , is the same as in the most closely related bacterial species, strain VI.18 T can be distinguished from these species by the absence of hydroxylated fatty acids and based on the relative proportion of other fatty acids (Table 2) . TLC analysis of the polar lipids of VI.18 T showed the presence of phosphoethanolamine and traces of unknown phospholipids (Fig. S3) , whereas glycolipids were absent (no staining with a-naphthol).
Strain VI.18
T showed low levels of 16S rRNA gene sequence similarity to recognized members of the family Flammeovirgaceae (,92 %). It can be readily distinguished by phenotypic and chemotaxonomic properties from its closest phylogenetic neighbours. Based on the data from our polyphasic study, strain VI.18
T represents a novel genus and species within the family Flammeovirgaceae, for which the name Fulvitalea axinellae gen. nov., sp. nov. is proposed.
Description of Fulvitalea gen. nov.
Fulvitalea (Ful.vi.ta9le.a. L. adj. fulvus yellow; L. fem. n. talea rod; N.L. fem. n. Fulvitalea yellow-coloured rod).
Cells are Gram-negative and rod-shaped, strictly aerobic, catalase-negative and (weakly) oxidase-positive. The pigment does not diffuse into the agar and is not flexirubinlike. The major isoprenoid quinone is MK-7. The main cellular fatty acids are iso-C 15 : 0 and iso-C 17 : 1 v9c. The type species is Fulvitalea axinellae.
Description of Fulvitalea axinellae sp. nov.
Fulvitalea axinellae (a.xi.nel9la.e. N.L. gen. n. axinellae of Axinella, referring to the isolation of the type strain from the marine sponge Axinella verrucosa).
The species exhibits all the characteristics of the genus. Furthermore, cells are non-motile, slender rods, 3-4 mm long and 0.3-0.4 mm wide, with occasional longer cells up to 8 mm long. Cells can be lysed with 3 % KOH and the aminopeptidase test is positive. Colonies on MA are circular, convex and beige to yellow in colour. Cells do not adsorb Congo red. Growth occurs at 15-35 u C, at seasalt concentrations of 2-7 % (w/v), at NaCl concentrations of 2-5 % (w/v) and at pH 7-9. MICs of antibiotics after 48 h of incubation at 25 u C are (ml 21 ): 0.2 mg penicillin G, 6.3 mg chloramphenicol, 25 mg streptomycin sulfate, 3.1 mg tetracycline, 0.4 mg ampicillin and 3.1 mg nalidixic acid. Growth after 48 h of incubation at 25 u C is not inhibited by kanamycin A tested at concentrations up to 200 mg ml
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. The API ZYM kit indicates the presence of alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase. Weak activities of cystine arylamidase and bgalactosidase can be detected. C14 lipase, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase are absent. In the API 20NE kit aesculin is hydrolysed and b-galactosidase activity is present, whereas nitrate is not reduced, indole is not produced, D-glucose is not fermented and gelatin is not hydrolysed. Arginine dihydrolase and urease are absent.
None of the carbon sources of the kit (D-glucose, Larabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid) is assimilated. Growth occurs on peptone, yeast extract, tryptone, casein, L-glutamic acid and Tween 20, but not on malt extract, starch, citrate, pyruvate, acetate, glycerol, succinic acid, glucose, sucrose, (+)-D-galactose, D-sorbitol, L-malic acid, oxalic acid, formate, polyethylene glycol, urea, 4-aminobenzoic acid, glycine, L-proline, L-leucine, Lalanine, L-cysteine or L-tryptophan. Casein and starch are hydrolysed, but crystalline cellulose and agar are not. The G+C content of the genomic DNA of the type strain is 47.5 mol%. The cellular fatty acid composition of the type strain is given in 
